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Abstract 
Background: Pulmonary arterial hypertension (PAH) is now the most frequent cause of death in systemic 
sclerosis (SSc). Aims: The aims of the present study were to evaluate the prevalence of pulmonary arterial 
hypertension (PAH) and predictors in SSc among Iraqi patients. Materials and Methods: A cross-sectional 
study conducted on 56 patients with SSc diagnosed according to the criteria developed by the American College 
of Rheumatology. Baseline characteristics [age, sex, body mass index (BMI), duration of SSc, type of SSc, 
duration of Raynaud’s phenomenon, and presence of telangiectasia] were documented.  Antiscleroderma 70 
(anti-SCL70) and anticentromere antibodies were measured. Doppler echocardiography was done to diagnose 
PAH. A risk score was obtained from 7 criteria, namely: Anti-Centromere Ab, Limited disease type, short 
duration of Raynaud's phenomena (<2.5 years), older age group (40+ years), absence of Telangiectasia, female 
gender, and absence of anti SCL70 Ab.  Results: We found that PAH was present in 11 (19.6%) SSc patients 
with a 95% confidence interval of (9.2% to 30.0%). Risk score in addition to anti-centromere antibodies were 
enough to diagnose PAH with accuracy level of 89.3%. Conclusions: PAH in SSc occurs in significant 
proportion of patients. Risk score and anti-centromere antibodies had high accuracy level in predicting PAH. 
Screening of patients with SSc for PAH will help in early diagnosis and appropriate timely therapeutic 
intervention before significant endorgan damage occurs.  
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1. Introduction 
Systemic sclerosis (SSc )is  a rare systemic autoimmune disease characterized by wide spread vasculopathy 
affecting the small and medium-sized blood vessels, fibroblast activation, and excessive collagen production 
culminating in fibrosis of the skin and internal organs. 
[1]
 Pulmonary complications are relatively common with 
reports of up to 26% of patients developing pulmonary hypertension (PHT). 
[2]
 PHT is a serious complication in 
patients with SSc with poor prognosis 
[3]
 and it is considered one of the leading causes of death in SSc. 
[4]
 PAH is 
an important clinical subgroup that causes PHT in SSc. 
[5]
 Other causes are pulmonary fibrosis, 
[6]
 diastolic 
ventricular dysfunction, 
[7]
 and primary cardiac involvement. 
[8]
 Moreover, PAH may be asymptomatic in the 
early stages and when symptoms develop, they are usually non-specific so that diagnosis is delayed until the 
disease is advanced and less responsive to therapy; 
[5,6] 
therefore, early detection and screening of at-risk patients 
may improve clinical outcome with the advent of specific therapies. 
[7, 8]
 Treatment of patients who are mildly 
symptomatic is associated with improved exercise tolerance and pulmonary hemodynamics 
[9]
 indices that are 
strongly indicative of disease progression and clinical worsening in PAH. 
[10]
 
Screening programmes for PAH have been established in other countries. 
[11-13]
 However, the 
prevalence of PAH in SSc from these studies varies considerably from 4.9 to 26.7% 
[14] 
and there is no universal 
assessment to allow accurate comparisons between studies. This study was designed to evaluate prevalence of 
PAH   in Iraqi patients with SSc and to assess its predictors if present.  
 
2. Materials and Methods 
2.1Study design and sample selection 
This cross-sectional study was conducted at the Rheumatology unit, Department of Medicine in Baghdad 
Teaching Hospital from October 2011 to May 2012. A total of 56 consecutive patients with systemic sclerosis 
diagnosed according to the criteria developed by the American College of Rheumatology 
[15]
 were included in 
the study.  Informed consent was obtained from each participant included in this study according to the 
declaration of Helsinki. Ethical approval was obtained from the Ethics Committee of Baghdad University, 
College of Medicine, Medical Department. Patients were excluded from the study if they had: severe pulmonary 
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function impairment (forced vital capacity [FVC], total lung capacity [TLC], or forced expiratory volume in 1 s 
[FEV1] <60% predicted), those with relevant cardiac disorders (significant valvular defects, left ventricular 
ejection fraction <50%), or overlapping with other connective tissue diseases like systemic lupus erythematosus, 
and inflammatory arthritis as rheumatoid arthritis. 
2.2 Data collection  
All patients were asked for ages, duration of SSc, type of SSc, duration of Raynaud’s phenomenon, and 
telangiectasia. Body mass index (BMI) was measured according the equation BMI=weight / height 
2
. Data entry 
of patients was done using paper clinical research (CRF) form through interview and questionnaires.  
2.3 Measurements 
 Doppler echocardiography was done for all patients enrolled in the study to diagnose PAH. All 
echocardiograms were carried out using Standard transthoracic echocardiography (SSD 4000, Aloka, Vivid I, 
GE Medical, Munich, Germany) by a senior technician and validated by a senior cardiologist. Two-dimensional, 
M-mode and color Doppler ECHO were used to evaluate cardiac morphology, flow abnormalities and cardiac 
functional status including ejection fraction (EF).  
The limit of normotension using TTE was a maximum tricuspid regurgitant (TR) jet gradient of 30 
mmHg. Pulmonary artery systolic pressure was estimated from the TR jet gradient. Patients with TR jet gradient 
value >30 mmHg were considered to have PAH. 
[16]
 Blood samples were obtained for measurements of Anti 
SCL70 and anticentromere antibodies. Pulmonary function tests (PFT) and high resolution CT scan were done 
for all patients to detect type of lung involvement. 
2.4 Statistical analysis 
Statistical analysis was done using SPSS version 20 computer software (Statistical Package for Social Sciences). 
Frequency distribution for selected variables was done first. The 95% confidence interval for a sample 
proportion was used to show the expected range for prevalence of PAH in the reference population of SSc cases 
with 95% certainty.The statistical significance of difference in mean of a normally distributed variable, like age, 
BMI and duration between 2 groups was assessed using the independent samples Student’s t-test. Associations 
between presence of PAH and selected explanatory dichotomous variables were explored by cross-tabulation. 
The statistical significance of such associations was assessed by Chi-square (χ
2
) test of homogeneity or Fisher’s 
exact test (when the conditions for a valid chi-square test were not met). 
Discriminant analysis was used to study the strength of association between risk factors and presence 
of PAH. It is a good substitute for multiple logistic regression, which needs strict assumptions that cannot be 
met in the present study sample. ROC analysis was used to assess validity parameters and set optimum cut-off 
values for quantitative variables when used to predict PAH. P value less than 0.05 was considered statistically 
significant. 
   
3. Results 
The results presented here were based on the analysis of 56 cases with SSc. Their ages ranged between 16 and 61 
years old (mean= 40.5 +/- 10.8 years SD). Females were more frequent in the study sample (n=51) and 
constituted the highest proportion (91.1%), table 1.Limited disease type constituted 58.9% of cases. A positive 
anti-centromere antibody was observed in 23.2% of cases, and a positive antiSCL70 antibody was observed in 
8.9% of cases. A diagnosis of PAH was established in 11 (19.6%) of study sample with a 95% confidence 
interval of (9.2% to 30.0%), table 1. 
As shown in table 2, there were no obvious or statistically significant differences in mean BMI and 
duration of SSc disease between those with and without PAH. The mean age was significantly higher among 
cases with PAH (46.6 years of age) compared to those negative for PAH (39 years of age). The mean Duration 
of Raynaud's phenomena was significantly lower among cases with PAH (1.5 years) compared to those negative 
for PAH (4.6 years), table 2. A later onset of Raynaud’s phenomena as reflected by the shorter duration of this 
finding is predictive of PHT. ROC analysis was used to calculate the typical cut-off value for age and duration of 
Raynaud’s phenomena to use them as a predictive criterion for PAH. Age was associated with a ROC area of 
0.73 (P=0.02), while duration of Raynaud’s was associated with a ROC area of 0.81 (P=0.001), when used to 
predict PAH positive cases differentiating them from SSc cases with no evidence of PAH. The typical cut-off 
value for age was 40+ years of age and that of Raynaud’s duration was <2.5 years, figure 1 and 2. 
As shown in table 3, a positive anti-centromere antibodies was associated with a significantly higher 
percentage of positive PAH (69.2%) compared to SSc cases with negative antibodies (4.7%). A limited type of 
SSc was associated with a significantly higher percentage of positive PAH (33.3%) compared to SSc cases of a 
diffuse type (0%). A short duration (<2.5 years) of Raynaud’s phenomena was associated with a significantly 
higher percentage of positive PAH (40%) compared to those of longer duration (3.2%).Presence of telangiectasia 
was associated with an obviously lower percentage of positive PAH (0%) compared to SSc cases with no similar 
findings (22.4%). The association however failed to reach the level of statistical significance (possibly because 
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of small sample size). A female gender was associated with an obviously higher percentage of positive PAH 
(21.6%) compared to SSc male cases (0%). The association, however failed to reach the level of statistical 
significance (possibly because of small sample size).A positive anti-SCL70 antibody was associated with an 
obviously lower percentage of positive PAH (0%) compared to SSc cases with negative antibody (21.6%). The 
association however failed to reach the level of statistical significance (possibly because of small sample size). 
 As shown in table 4, anti-centromere antibody test was associated with the highest accuracy when used 
to predict PAH positive cases among SSc group. The test was 81.8% sensitive and 91.1% specific. A positive 
anti-centromere antibody will establish the diagnosis of PAH with 69.2% confidence in a clinical context where 
the pretest probability (prevalence) of PAH is 19.6%. Ranked second in diagnostic importance for PAH was the 
short duration of Raynaud’s phenomena (<2.5 Years) and having a limited type of SSc which established the 
diagnosis of PAH with 40% and 33.3% confidence respectively in the current sample of SSc where the 
prevalence of PHT was 19.6%. An age ≥40 years would establish a diagnosis of PHT with 29.4% confidence. 
Absences of Telangiectasia, Female Gender and Absence of Anti SCL70 antibody (Ab) were associated with 
low accuracy levels (32.1%, 21.6% and 21.6 respectively). 
It is worthy to notice that criteria with a perfect sensitivity (100%) can exclude a possible diagnosis of 
PAH with 100% confidence when the pretest probability (prevalence) of PAH is as low as 19.6% among cases 
with SSc. Therefore, a diffuse type of SSc, presence of telangiectasia, male gender and positive anti-SCL70 Ab 
are useful in excluding PAH, table 4. 
 The previously tested 7 criteria for detecting PAH were summed together to yield a risk score. Each 
risk item is given a score of 1 when positive and zero when absent. The resulting risk score range between zero 
(no risk item positive) to 7 (all risk items being positive). ROC analysis showed that risk score had very high 
validity in diagnosing PAH in SSc cases (ROC area = 0.97)   as in Table 5, Fig.3. 
The typical cut-off value for the resulting risk score was 6+, which was associated with a sensitivity of 90.9% 
and a specificity of 91.1%. This cut-off value was of high accuracy (91.1%). A risk score of 6+ can predict PAH  
with 71.9% confidence in a group of SSc cases where the prevalence of PAH  is 19.6% only, table 5 and figure 3. 
Variables eligible for inclusion in discriminant model were  risk score, anti-Centromere Ab, limited disease type, 
short duration of Raynaud's phenomena (<2.5 years), older age group (40+ years), absence of telangiectasia, 
female gender, and absence of Anti SCL70 Ab. 
As shown in table 6, risk score was added to all 7 risk items in a multivariate model to assess its role in 
differentiating PAH from non-PAH SSc cases. A selection algorithm was used to build a model with smaller 
number of included predictors and having the best predictive accuracy. It was shown that risk score in addition to 
anti-centromere antibodies test were enough to calculate a discriminant score that was able to classify SSc 
subjects into those with and without PAH with 89.3% accuracy. A calculated discriminant score based on the 
formula provided in table 6 that is higher than 0.84 will predict presence of PAH. 
Table 1: Frequency distribution of the study sample by selected parameters. 
 
N % 
Female Gender Compared to male 
     Male 5 8.9 
     Female 51 91.1 
Limited type Vs Diffuse 
     Diffuse 23 41.1 
     Limited 33 58.9 
Anti-Centromere Ab 
     Negative 43 76.8 
     Positive 13 23.2 
Anti SCL70 Ab 
     Negative 51 91.1 
     Positive 5 8.9 
PAH 
     Negative 45 80.4 
     Positive 11 19.6 
Total 56 100.0 
N, number, %, percentile, Ab, antibody, SCL, scleroderma,PAH, pulmonary arterial hypertension
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Table 2: The difference in mean of selected parameters between SSc cases with and without PAH. 
PAH 
Negative 
(n=45) 
Positive 
(n=11) P 
Age (years) 0.034* 
   Range (19-56) (16-61) 
   Mean 39 46.6 
   SD 10 12.2 
   SE 1.49 3.67 
BMI (Kg/m2) 0.99 
   Range (18.6-39) (15-31.1) 
   Mean 24 24 
   SD 3.4 4.9 
   SE 0.51 1.48 
Duration of the disease in years 0.86 
   Range (0.8-20) (3-20) 
   Mean 7.4 7.8 
   SD 6 5.5 
   SE 0.9 1.67 
Duration of Raynaud's phenomena (years) 0.008* 
   Range (1-20) (1-4) 
   Mean 4.6 1.5 
   SD 3.7 1 
   SE 0.55 0.29 
*, p value significant(<0.05); BMI, body mass index;  SD, standard deviation; SE, standard error 
 
Figure 1: Dot diagram showing the typical cut-off value for age when used to differentiate between PAH positive 
and negative SSc cases. 
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Figure 2: Dot diagram showing the typical cut-off value for duration of Raynaud’s phenomena when used to 
differentiate between PAH positive and negative SSc cases. 
 
 
 
Figure 3: Dot diagram showing the typical cut-off value for risk score when used to differentiate between PAH 
positive and negative SSc cases. 
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Table 3: The rate of PAH positive SSc cases by selected explanatory variables. 
 Total 
Having Pulmonary 
hypertension  
N N % P 
Anti-Centromere Ab    <0.001* 
   Negative 43 2 4.7  
   Positive 13 9 69.2  
Limited type Vs Diffuse    0.002* 
  Diffuse 23 0 0.0  
  Limited 33 11 33.3  
Short duration of Raynaud's phenomena (<2.5 
years)  0.001* 
    Negative 31 1 3.2 
    Positive 25 10 40.0 
Older age group (40+ years)  0.036* 
   Negative 22 1 4.5 
   Positive 34 10 29.4 
Telangiectasia    0.32 
   Negative 49 11 22.4  
   Positive 7 0 0.0  
Female Gender Compared to male    0.57 
   Male 5 0 0.0  
   Female 51 11 21.6  
Anti SCL70 Ab    0.57 
   Negative 51 11 21.6  
   Positive 5 0 0.0  
*p<0.05, N, number, %, percentile, Ab, antibody, SCL, scleroderma,PAH, pulmonary arterial hypertension 
Table 4: Validity parameters for selected criteria when used as a test to predict PAH among SSc cases. 
 
 Sensitivity Specificity Accuracy PPV NPV 
Positive Anti-Centromere Ab 81.8 91.1 89.3 69.2 95.3 
Short duration of Raynaud's phenomena    
(<2.5 years) 90.9 66.7 71.4 40 96.8 
Limited disease type 100 51.1 60.7 33.3 100 
Older age group (40+ years) 90.9 46.7 55.4 29.4 95.5 
Absence of Telangiectasia 100 15.6 32.1 22.4 100 
Female Gender 100 11.1 28.6 21.6 100 
Absence of Anti SCL70 Ab 100 11.1 28.6 21.6 100 
Table 5: validity parameters of risk score when used as a test to predict PAH among SSc cases. 
 
Risk score for PHT Sensitivity Specificity Accuracy PPV NPV 
≥5 100.0 57.8 66.1 37.2 100.0 
≥6 90.9 91.1 91.1 71.9 97.6 
≥7 72.7 100.0 94.6 100.0 93.6 
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Table 6: Discriminant model for 8 selected parameters when used to predict SSc cases with PAH 
differentiating them from those negative for PAH. 
 
Rank according to importance 
(discriminating power) 
Risk score for PAH 1 
Anti-Centromere Ab 2 
Overall predictive accuracy = 89.3% 
Wilks' Lambda=0.445 
P (Model) < 0.001 
 
D = -2.899 + (0.538 x Risk score for PAH) + (1.886 x Anti-Centromere Ab) 
Cut-off value for D score= 0.84 
D score ≥ cut-off value is a predictive of PAH, while a D score < cut-off value is suggestive of negative 
PAH.  Variables eligible for inclusion in discriminant model: Risk score, anti-Centromere Ab, limited disease 
type, short duration of Raynaud's phenomena (<2.5 years), older age group (40+ years), absence of telangiectasia, 
female Gender, absence of anti SCL70 Ab. 
 
4. Discussion 
Pulmonary arterial hypertension (PAH) is a major complication of systemic sclerosis (SSc) and a significant 
cause of morbidity and mortality. 
[17]
 Recent advances in treating patients with idiopathic PAH have raised the 
hopes that early recognition and therapeutic intervention in PAH-SSc may similarly improve prognosis. 
[18, 19]
 
Additionally, identifying predictors of PAH in SSc may help in targeting specific subgroups of SSc patients who 
will require frequent screening and perhaps prompt treatment. 
This study showed that the prevalence of PAH among Iraqi patients with SSc was 19.6%. Possible 
mechanism of PAH in SSc patients may be primarily intimal proliferation, medial hyperplasia, and adventitial 
fibrosis leading to an obliterative vasculopathy. 
[20]
 
  Similar finding was reported by Chang et al 
[21]
 in a study of 619 SSC patients who found that 
prevalence of PAH was 19.2% .Kumar et al 
[22]
 studied prevalence of PAH in SSc (n=100) and found 32% had 
PAH on 2D-echocardiography.  
Other published data were widely variable ranging from 5-35% in various studies depending upon the 
different methods and diagnostic criteria used for diagnosis. 
[23- 26]
 This difference from our study may be 
explained by small sample size in our study and variety of methods used to estimate pulmonary artery pressure 
in those studies. In addition, echocardiography estimates right ventricular systolic pressure (RVSP) and the 
diagnosis of PAH is based on the increase in mean pulmonary arterial pressure (PAP). 
[18]
    
Interestingly, in this study, we found that positive anticentromere antibody was associated with a 
significantly higher percentage of positive PAH (69.2%) compared to SSc cases with negative antibodies (4.7%) 
and had the highest accuracy when used to predict PAH. Similar finding was reported by Kampolis et al 
[27]
 who 
showed  that presence of positive anticentromere Ab was significantly associated with increasing risk of PAH 
(OR 8.75, CI 1.12-68.38, p = 0.039). 
In addition, a limited type of SSc was significantly associated with a  higher percentage of positive 
PAH (33.3%) compared to SSc cases of a diffuse type (0%) and ranked second in diagnostic importance for 
prediction of PAH with 33.3% confidence and perfect sensitivity. This indicates that diffuse type of SSc exclude 
PAH. Similar finding was reported by other studies. Chang et al 
[28]
 assessed risk factors for developing 
pulmonary hypertension (PHT) in patients with scleroderma (n=1136). They found limited SSc is a risk factor 
for PAH and had a 27.3% probability of developing severe PAH. Steen 
[29]
 reported that isolated PAH was 
characteristically seen in limited SSC. Cox et al 
[30]
 evaluated isolated PAH in cohort of scleroderma in 
systematic review of the clinical course of all patients registered on the South Australian Scleroderma Register, a 
population-based register of 374 living and 234 deceased patients with scleroderma. The majority of PAH had 
limited scleroderma. 
Notably, short duration of Raynaud’s phenomena was significantly associated with PAH and 
established the diagnosis of PAH with 40% confidence. This indicates that a later onset of Raynaud’s 
phenomena as reflected by the shorter duration of this finding is predictive of PAH. This in accordance with 
Kumar et al who found onset of Raynaud’s phenomenon later in life was associated with a higher PAH( 24).Also 
Walker et al 
[31]
 have shown that later onset of Raynaud’s phenomenon was positively associated with PAH in a 
total of 3656 SSc patients enrolled in102 centers and 30countries.  
The current study showed that older age group (40+ years) was a risk factor for PAH. In scleroderma, 
aging may promote the development of PAH via several important pathogenic pathways. First, aging tends to 
reduce endothelial release of nitric oxide and endothelium dependent relaxation by acetylcholine. 
[32]
 Second, 
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spontaneous endothelial injury, possibly as a result of the generation of excess oxygen-derived free radicals and 
defective in vivo endothelial repair mechanisms, increases in older individuals. 
[33]
 Third, changes in immune 
reactivity with aging (termed immunescence) include aberrant T-cell proliferation and increased production of 
autoantibodies. 
[34]
 These aging related changes in vascular biology may render the pulmonary arterial tree 
particularly susceptible to the pathophysiologic mechanisms observed in scleroderma. Similarly, in a recent 
European meta-analysis conducted by Avouac et al, 
[35]
 precapillary and postcapillary pulmonary hypertensions 
were significantly associated with advanced age.  
Moreover, in the present study, absence of Telangiectasia was associated with low accuracy levels of 
predicting PAH and had prefect sensitivity. Therefore, presence of telangiectasia may be useful in excluding 
PAH. In contrast to a recent study performed by Shah et al 
[36]
 who assessed telangiectasia in consecutive adult 
patients with scleroderma (n=147) and found that increased numbers of telangiectasia is strongly associate with 
the presence of pulmonary vascular disease. The association between telangiectasia and PAH in our study failed 
to reach the level of statistical significance possibly because of small sample size. 
   Furthermore, we found no significant association between genders, anti-scl 70 Ab and PAH. Similar 
findings were reported by Plastiras et al 
[37]
   who evaluated 114 SSc patients with Doppler echocardiography 
and found gender and autoantibodies were not significantly associated with PAH. 
The main limitations of this study were:  First; the small number of patients because of the rarity of the 
disease, and so the findings need to be confirmed in a larger prospective study. Second, we could not confirm 
our finding with right heart catherization because of ethical reasons. 
However, our study had points of strength. First, well defined inclusion criteria of SSc patients without 
overlapping with other connective tissue diseases or inflammatory arthritis that may affect the results. Second, 
strict exclusion of patients with severe pulmonary function impairment by pulmonary function tests and high 
resolution CT of the chest, in addition to excluding relevant cardiac disorders by two-dimensional, M-mode and 
color doppler ECHO. Finally, we used a selection algorithm to build a model with smaller number of included 
predictors and having the best predictive accuracy. It was shown that risk score in addition to anti-centromere 
antibodies test were enough to calculate a discriminant score that was able to classify SSc subjects into those 
with and without PAH with high  accuracy. 
In conclusion, PAH in Iraqi patients with SSc was frequent (19.6%). Risk score and anti-centromere 
antibodies had high accuracy level in predicting PAH.  This suggests early detection of PAH patients in SSc by 
Doppler echocardiography as a non-invasive screening method and some predictors   ensure appropriate 
treatment. 
 
References 
1. Yaqub A, Chung L. Epidemiology and risk factors for pulmonary hypertension in systemic sclerosis. 
Curr Rheumatol Rep. 2013 Jan;15(1):302. 
2. Wigley FM, Lima JA, Mayes M, McLain D, Chapin JL, Ward-Able C. The prevalence of undiagnosed 
pulmonary arterial hypertension in subjects with connective tissue disease at the secondary health care level of 
community-based rheumatologists (the UNCOVER study). Arthritis Rheum 2005; 52: 2125–32. 
3. Hachulla E, Carpentier P, Gressin V et al. Risk factors for death and the 3-year survival of patients with 
systemic sclerosis: the French Itine ´ rAIR-Scle ´ rodermie study. Rheumatology 2009;48:304–8. 
4. Steen VD, Medsger TA. Changes in causes of death in systemic sclerosis, 1972–2002. Ann  Rheum Dis 
2007;66: 940–4.         
5.  Simonneau G,  Robbins IM, Beghetti M, et al. Updated Clinical Classification of Pulmonary 
Hypertension((Dana Point, 2008). JACC2009:S43–54 (Suppl 5). 
6.  Launay D, Mouthon L, Hachulla E, et al. Prevalence and characteristics of moderate to severe 
pulmonary hypertension in systemic sclerosis with and without interstitial lung disease. J Rheumatol 
2007;34:1005–11. 
7. de Groote P, Gressin V, Hachulla E, et al. Evaluation of cardiac abnormalities by Doppler 
echocardiography in a large nationwide multicentric cohort of patients with systemic sclerosis. Ann Rheum Dis 
2008;67:31–6. 
8. Meune C, Avouac J,Wahbi K, et al. Cardiac involvement in systemic sclerosis assessed by tissue-
doppler echocardiography during routine care: a controlled study of 100 consecutive patients. Arthritis Rheum 
2008;58:1803–9 
9.  Galie N, Rubin L, Hoeper M, Jansa P, Al-Hiti H, Meyer G et al. Treatment of patients with mildly 
symptomatic pulmonary hypertension with bosentan (EARLY study): a double-blind, randomised controlled trial. 
Lancet 2008; 371: 2093–100. 
10. Humbert M, Sitbon O, Simonneau G. Treatment of pulmonary arterial hypertension. N Engl J Med 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.3, No.7, 2013 
 
127 
2004; 351: 1425–36. 
11. Mukerjee D, St George D, Coleiro B, Knight C, Denton CP, Davar J et al. Prevalence and outcome in 
systemic sclerosis associated pulmonary arterial hypertension: application of a registry approach. Ann Rheum 
Dis 2003; 62: 1088–93. 
12.  Hachulla E, Gressin V, Guillevin L, Carpentier P, Diot E, Sibilia J et al. Early detection of pulmonary 
arterial hypertension in systemic sclerosis: a French nationwide prospective multicenter study. Arthritis Rheum 
2005; 52: 3792–800. 
13.  Pope JE, Lee P, Baron M, Dunne J, Smith D, Docherty PS et al. Prevalence of elevated pulmonary 
arterial pressures measured by echocardiography in a multicenter study of patients with systemic sclerosis.J 
Rheumatol 2005; 32: 1273–8. 
14. Koh ET, Lee P, Gladman DD, Abu-Shakra M. Pulmonaryhypertension in systemic sclerosis: an 
analysis of 17 patients. Br J Rheumatol 1996; 35: 989–93. 
15. Subcommittee for Scleroderma Criteria of the American Rheumatism Association Diagnostic and 
Therapeutic Criteria Committee. Preliminary criteria for the classifi  cation of systemic sclerosis (scleroderma). 
Arthritis Rheum 1980;23:581–90 
16. Pavel Jansa & Radim Becvar & David Ambroz, et al. Pulmonary arterial   hypertension associated with 
systemic sclerosis in the Czech Republic. Clin Rheumatol  2012; 31:557–561. 
17. Ioannidis JP,Vlachoyiannopoulos PG, Haidich AB, Medsger TAJr, Lucas M, Michet CJ, et al. Mortality 
in systemic sclerosis: an international meta-analysis of individual patient data. Am J Med 2005;118(1):2-10. 
18. Hachulla E, Gressin V, Guillevin L, Carpentier P, Diot E, Sibilia J, et al. Early detection of pulmonary 
arterial hypertension in systemic sclerosis: a Frenchnation wide prospective multicenter study. 
ArthritisRheum2005; 52(12) : 3792-800. 
19. SteenV. Advancements in diagnosis of pulmonary arterial hypertension in scleroderma. 
ArthritisRheum2005;52(12): 3698-700. 
20. Shahane A. Pulmonary hypertension in rheumatic diseases: epidemiology and pathogenesis. Rheumatol 
Int. 2013 Jan 19. [Epub ahead of print] 
21. ChangB,Wigley FM, WhiteB etal Scleroderma patients with combined pulmonary hypertension and 
interstitiallung disease.JRheumatol  2003; 30:2398–2405 
22.  Kumar U, Ramteke R, Yadav R, Ramam M, Handa R, Kumar A.Prevalence and predictors of 
pulmonary artery hypertension in systemic sclerosis. J Assoc Physicians India. 2008 Jun;56:413-7. 
23. Hachulla E, Gressin V, Guillevin L, Carpentier P, Diot E, Sibilia J, et al. detection of  pulmonary 
arterial hypertension in systemic sclerosis. Arthritis Rheum 2005;52:3792-800.  
24. Mukherjee D, St George D, Coleiro B, Knight C, Denton CP, Davar J,  et al. Prevalence and outcome in 
systemic sclerosis associated pulmonary arterial hypertension: application of registry approach. Ann Rheum Dis 
2003;62:1088-93.  
25. Murata I, Kihara H, Shinohara S, Ito K. Echocardiographic evaluation of pulmonary arterial 
hypertension in patients with progressive systemic sclerosis and related syndromes. Jpn Circ J 1992;56:983-91. 
26. Wigley FM, Lima Joao A.C, Mayes Maureen, McLain David, Chapin J. Lincoln, Ward-Ableet Clive. 
The prevalence of undiagnosed pulmonary arterial hypertension in subjects with connective tissue disease at the 
secondary health care level of community - based rheumatologists (the UNCOVER study). Arthritis Rheum 
2005;52:2125-32 
27. Kampolis C, Plastiras S, Vlachoyiannopoulos P, Moyssakis I, Tzelepis G. The presence of anti-
centromere antibodies may predict progression of estimated pulmonary arterial systolic pressure in systemic 
sclerosis. Scand J Rheumatol. 2008 Jul-Aug;37(4):278-83. 
28. Chang B, Schachna L, White B, Wigley FM, Wise RA. Natural history of mild-moderate pulmonary 
hypertension and the risk factors for severe pulmonary hypertension in scleroderma. J Rheumatol 2006;33:269–
274. 
29. Steen V. Predictors of end stage lung disease in systemic sclerosis. AnnRheumDis 2003; 62:97–99. 
30. Cox SR, WalkerJG, ColemanM, RischmuellerM, ProudmanS, SmithMD, AhernMJ, Roberts-
ThomsonPJ. Isolated pulmonary hypertension in scleroderma . InternMedJ 2005; 35: 28-33. 
31. Walker UA, Tyndall A, Czirják L, Denton C, Farge-Bancel D, Kowal-Bielecka O, Müller-Ladner U, 
Bocelli-Tyndall C, Matucci-Cerinic M. Clinical risk assessment of organ manifestations in systemic sclerosis: a 
report from the EULAR Scleroderma Trials And Research group database. Ann Rheum Dis. 2007 
Jun;66(6):754-63. 
32. Trad S, Amoura Z, Beigelman C, Haroche J, Costedoat N, Boutin LTHD, et al. Pulmonary arterial 
hypertension is a major mortality factor in diffuse systemic sclerosis, independent of interstitial lung disease. 
Arthritis Rheum 2006; 54:184-91. 
33. Moreau P, d’Uscio LV, Lüscher TF. Structure and reactivity of small arteries in aging. Cardiovasc Res 
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 
ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 
Vol.3, No.7, 2013 
 
128 
1998;37:247-53 
34. Yung RL. Changes in immune function with age. Rheum Dis Clin North Am 2000; 26: 455-73. 
35. Avouac J, Airò P, Meune C, et al. Prevalence of pulmonary hypertension in systemic sclerosis in 
European Caucasians and metaanalysis of 5 studies. J Rheumatol 2010; 37:2290–8.  
36. Shah AA, Wigley FM, Hummers LK. Telangiectases in scleroderma: a potential clinical marker of 
pulmonary arterial hypertension. J Rheumatol. 2010 Jan;37(1):98-104 
37. Plastiras SC, Karadimitrakis SP, Kampolis C, Moutsopoulos HM, Tzelepis GE. Determinants of 
pulmonary arterial hypertension in scleroderma. Semin Arthritis Rheum. 2007 Jun;36(6):392-6 
This academic article was published by The International Institute for Science, 
Technology and Education (IISTE).  The IISTE is a pioneer in the Open Access 
Publishing service based in the U.S. and Europe.  The aim of the institute is 
Accelerating Global Knowledge Sharing. 
 
More information about the publisher can be found in the IISTE’s homepage:  
http://www.iiste.org 
 
CALL FOR PAPERS 
The IISTE is currently hosting more than 30 peer-reviewed academic journals and 
collaborating with academic institutions around the world.  There’s no deadline for 
submission.  Prospective authors of IISTE journals can find the submission 
instruction on the following page: http://www.iiste.org/Journals/ 
The IISTE editorial team promises to the review and publish all the qualified 
submissions in a fast manner. All the journals articles are available online to the 
readers all over the world without financial, legal, or technical barriers other than 
those inseparable from gaining access to the internet itself. Printed version of the 
journals is also available upon request of readers and authors.  
IISTE Knowledge Sharing Partners 
EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open 
Archives Harvester, Bielefeld Academic Search Engine, Elektronische 
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial 
Library , NewJour, Google Scholar 
 
 
